Studying 3 samples of early-type galaxies, which include approximately 8800 galaxies and cover a relatively ample magnitude range (< ∆M > ∼ 5.5 mag), we find that the coefficients as well as the intrinsic dispersion of the Fundamental Plane depend on the width and brightness of the magnitude range within which the galaxies are distributed. We analyse this dependence and the results show that it is due to the fact that the distribution of galaxies in the space defined by the variables log(r e ), < µ > e , log(σ 0 ) depends on the luminosity.
INTRODUCTION
The Fundamental Plane (FP) for ordinary early-type galaxies (ETGs) is a correlation between the following observable parameters: logarithm of the effective radius (log (re)), effective mean surface brightness (< µ >e) and logarithm of the central velocity dispersion (log σ0) (Djorgovsky & Davis 1987; Dressler et al. 1987) . This correlation is usually expressed as follows: log (re) = a log (σ0) + b < µ >e + c,
where a, b and c represent scale factors. These scale factors contain important information about ETGs and might depend, among other things, on environment and wavelength.
The FP relation (equation 1) is a consequence of the dynamical equilibrium condition (virial theorem) and of the regular behaviour of the mass-luminosity ratio as well as the structure along the whole range of luminosities for the ETGs. Due to the small intrinsic dispersion (∼ 0.1 dex in re and σ0, and ∼ 0.1 in < µ >e), the FP is considered a powerful tool for studying galactic formation and evolution as well as useful for making estimations of large scale distances (Kjaergaard et al. 1993; Jorgensen et al. 1996; Jorgensen et al. 1999; Kelson et al. 1997 ).
An important projection of the FP is the correlation between log(re) and < µ >e, also known as the Kormendy relation (KR) (Kormendy 1977) :
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Different studies have demonstrated that ETGs inside clusters define the KR with an intrinsic dispersion of approximately 0.4 mag in < µ >e (Hamabe & Kormendy 1987; Hoessel et al. 1987; Sandage & Peremulter 1991; Sandage & Lubin 2001) . Recent studies have demonstrated that ETGs contained in less dense environments and isolated ETGs also follow the KR with the same coefficients and dispersion as do ETGs in clusters (Reda et al. 2004; Nigoche-Netro et al. 2007) .
On the other hand, Nigoche-Netro (2007) and NigocheNetro et al. (2007 NigocheNetro et al. ( , 2008 found, using observational data and numerical simulations, that both the coefficients and the intrinsic dispersion for the KR depend on the width of the magnitude range and the brightness of ETGs within the magnitude range. This dependence is caused by a "geometrical effect" due to the fact that the distribution of ETGs on the log(re) -< µ >e plane depends on luminosity (Varela 2004; D'Onofrio et al. 2006; Nigoche-Netro et al. 2007) and that the geometric shape of this distribution is not symmetrical. In other words, the geometric shape of the distribution of ETGs on the log(re) -< µ >e plane changes systematically as brighter ETGs are progressively considered, and so the values of the KR coefficients change too, because the fitting of a straight line to a set of data does not give the same result for slope and intercept values for data distributed with a rectangular shape as for data distributed with a triangular shape or, for that matter, with another geometrical shape.
The previously mentioned results, together with the fact that the KR is a projection of the FP, suggested that a study of the behaviour of the coefficients and intrinsic dispersion of the FP with respect to the magnitude range would prove interesting. Several papers in the literature (Bernardi et al. 2003c; Jorgensen et al. 1996) undertake, somewhat differently, this type of investigation. These works have investigated, among other things, the residues of the FP with respect to magnitude. The results they find indicate that there is no correlation between the residues of the FP and magnitude. However, we consider that it is necessary to perform an investigation similar to that presented for the KR in Nigoche-Netro et al. (2008) for the case of the FP, given that there is no published work in the astronomical literature where this approach is taken.
This study proves to be relevant for investigations that perform comparisons of different galaxy samples such as comparisons of samples for which dependence on the environment, on the redshift or on the wavelength are sought for. If differences are found and the dependence of the coefficients of the FP relation on the magnitude range is not taken into consideration, the differences found may be completely misinterpreted.
In this paper we compile 3 samples of ETGs which include a total of approximately 8800 galaxies and cover a relatively ample magnitude range (< ∆M > ∼ 5.5 mag). It is important to mention that in this work we perform the analysis of the coefficient values and of the intrinsic dispersion of the FP with respect to: 1) the width of the magnitude range (increasing magnitude intervals), that is, we consider the faintest galaxies in each sample and we progressively increase the width of the magnitude interval by inclusion of the brighter galaxies, and 2) the brightness of the magnitude range (narrow magnitude intervals), that is, we consider galaxy samples in progressively brighter fixed-width magnitude intervals. On the other hand, in order to avoid biases in the coefficients, we use the linear regression method known as Measurement errors and Intrinsic Scatter Three dimensional bisector (MISTBis) (La Barbera et al. 2000) . This method takes into consideration the errors associated to each one of the variables and minimises the effects of the intrinsic dispersions of each galaxy sample under study.
In Section 2 we introduce the different galaxy samples. In Section 3 we present the fitting method used for calculating the parameters of the FP and the results from these fits. In this section we also discuss an analysis of the behaviour of the coefficients a, b and c and of the intrinsic dispersion for the FP with respect to the absolute magnitude range. Finally, in Section 4, we present our conclusions.
THE SAMPLES
We use a sample of 8666 ETGs from the Sloan Digital Sky Survey (total SDSS sample) (Bernardi et al. 2003a) . This sample has surface photometry information in filters g*, r*, i* and z* (absolute magnitude range −19 Mr * > −25 and its equivalent in other filters). We also use a sample of 116 ETGs for the Coma Cluster (Milvang-Jensen 1997; Jorgensen et al. 1999) in the filter Gunn r (−20
MGr > −24.9) and a 44 ETGs sample in the filter Gunn r (−19 MGr > −24) from the Hydra cluster (Milvang-Jensen 1997).
All the samples are redshift-homogeneous (the galaxies are contained within a narrow redshift interval), except for the total SDSS sample which cover a relatively ample redshift interval (0.01 z 0.3). This sample is magnitude-limited (Bernardi et al. 2003b) , that is to say that in small volumes and for small values of z, it does not contain very bright galaxies, whereas in large volumes and for large z values, it does not contain faint galaxies. Besides, within large volumes there could be evolution effects of the parameters of the galaxies. So, in order to have a representative sample of the universe in a given volume without any evolution effects it is important to consider narrow redshift intervals. Bernardi et al. 2003b recommend ∆z = 0.04. This value comes from the sizes of the largest structures in the universe seen in numerical simulations of the cold dark matter family of models (Colberg et al. 2000) . It is also well known that the SDSS photometry underestimates the luminosity of the brightest objects in crowded fields (Bernardi et al. 2007a; Bernardi et al. 2007b) . In addition, the spectroscopic reduction of the SDSS data underestimates the values of the small central velocity dispersions (σ0 150 km/s) (Bernardi et al. 2007b) .
To probe the possible evolution effects and avoid the photometric and spectroscopic biases we have built a subsample from the total SDSS in the redshift interval 0.04 z 0.08 and central velocity dispersion σ0 > 150 km/s. Given that the determination of the distances to the galaxies relies entirely on z, we chose the lower limit to keep the influence of the peculiar velocities on the measured z below 10%. This subsample has 933 galaxies in each filter and cover a magnitude range < ∆M > ∼ 4 mag (−19 Mg * > −22.8 and its equivalent in other filters). From now on, this subsample will be referred to as homogeneous sample from the SDSS.
In Table 1 we present relevant information (number of galaxies, magnitude range and redshift) for the samples of galaxies we use in this paper. The magnitude range information is given in relation to the different filters used (from the literature) and also the approximate range for the B-magnitude (calculated by us). The transformation to the B filter was accomplished by use of the following equation: B -Gunn r = 1.15 (Milvang-Jensen 1997) . The filters g*, r*, i* and z* correspond approximately to the Johnson-Morgan-Cousins filters B, V, Rc and Ic respectively (Fukugita et al. 1996) .
All the samples consider the photometric and spectroscopic parameters log(re), < µ >e and log(σ0) corrected for different biases (galactic extinction, K correction, cosmological dimming and aperture correction). These parameters as well as their uncertainties were taken directly from the different papers cited above. It is worth stressing that the photometric parameters were obtained using de Vaucouleurs r 1/4 fits. These fits represent a good approximation to the Sérsic profile-fits because all galaxies used here are bright (MB −18) (Prugniel & Siemen 1997) . To stress this point we should mention that Nigoche-Netro et al. (2008) show that the de Vaucouleurs approximation does not produce appreciable biases in the behaviour of the KR parameters with respect to the magnitude range.
Finally, an important characteristic of S0 galaxies is that, in general, the structural properties of their bulges show approximately the same homogeneity as those of E galaxies. Due to this fact, and because the FP uses effective parameters, we use the photometric parameters from the Isobe et al. (1990) and Akritas & Bershady (1996) . The coefficients for the edge-on FP are calculated using the BCESBis method.
From the photometric and spectroscopic parameters for the different galaxy samples we calculate the FP coefficients in increasing and narrow magnitude intervals (see Section 1), the errors of these coefficients and the total intrinsic dispersion (σ) of the FP relation (subtracting in quadrature from the intrinsic dispersion in < µ >e the residues dispersion due to the measurement errors of < µ >e, log(re) and log(σ0)). The definition of the total intrinsic dispersion of the FP is a generalisation in three dimensions of the definition of the total intrinsic dispersion of the KR given by La Barbera et al. (2003) . According to La Barbera et al. (2003) , for the calculation of the total intrinsic dispersion it is necessary to have the measurement errors of each one of the variables involved. These errors were taken from the literature (see Section 2.1), while the theoretical errors in the FP coefficients were calculated by us following La Barbera et al. (2000) in 1σ intervals.
In Tables 2 and 4 we present the results for the values of the coefficients of the FP for the different samples of galaxies and for different magnitude intervals.
Behaviour of the FP coefficients with respect
to the width of the magnitude range
As may be seen from the results given in Table 2 for the different galaxy samples, the intrinsic dispersion increases when a growing number of brighter galaxies is included in the samples (upper magnitude cut-off), that is to say when we use increasing magnitude intervals. We also observe that the a, b and c coefficients increase systematically as brighter galaxies are included (see Fig. 1 ) and that these changes are larger than the associated errors for most of the cases (differences between a coefficients may be as large as 33%).
On the other hand, if we consider the brightest galaxies in each sample and we progressively increase the width of the magnitude interval by inclusion of the fainter galaxies (lower magnitude cut-off), the behaviour of the intrinsic dispersion and FP coefficients is similar to the one described above, that is, the FP parameters increase systematically when we increase the width of the magnitude interval.
To investigate whether the changes in the coefficients are significant or whether they are only the product of statistical fluctuations, it is necessary to apply non-parametric tests to the data for the different galaxy samples. Among the non-parametric tests appropriate for our study we find the run test (Bendat & Piersol 1966; Nigoche-Netro et al. 2008) .
In Table 3 we show the results of the application of the run test method to the data for coefficients a, b and c. We take as a null hypothesis that there is no underlying trend in the data. The percentages given in Table 3 refer to the confidence level with which we may reject the null hypothesis. From Table 3 we may see that, on average, the null hypothesis may be rejected with a confidence level of 96%. This implies that there are strong reasons to affirm that there is an underlying trend in the values of each one of the coefficients of the FP.
In appendix A we present an analysis of the robustness of the run test using the bootstrap methodology (Efron 1979 ). This analysis includes measurement errors associated with the data. The conclusions of this analysis indicate that the run test is very efficient in finding underlying trends in sets of data even if the errors associated are quite large.
Here, it is important to mention that when we compare the behaviour of the FP coefficients for the total SDSS sample and the homogeneous SDSS sample (Fig. 1) we note that this behaviour is similar for both samples, meaning that the coefficients for the homogeneous sample increase systematically as we increase the width of the magnitude range. It Table 2 . FP coefficients for the different samples of galaxies in increasing intervals of magnitude (upper magnitude cut-off). MI is the absolute magnitude interval within which the galaxies are distributed, ∆M is the width of the magnitude interval, N is the number of galaxies in the magnitude interval, a, b and c are the FP coefficients (obtained using the MIST Bis method) and σ is the total intrinsic dispersion of the FP. is also clear that the values of these coefficients result in larger values than those for the total sample. However, it is not possible to say that this diference may be caused by evolution, because the biases in the structural parameters, and the cut in the velocity dispersion might also have an effect on the values of the coefficients (see Section 3.5 for full details).
Behaviour of the FP coefficients with respect to the brightness of the magnitude range
In order to analyse the behaviour of the FP coefficients with respect to the brightness of the magnitude range and study the distribution of the galaxies in the space defined by the log(re), < µ >e, log(σ) variables, we may utilise the FP edgeon graphs. Figure 2 shows the results for the total SDSS sample in the g* filter, where each symbol and colour represent a one-magnitude wide interval and the thick continuous line represents the fit to all the data. Table 4 shows the values of the FP coefficients. These values were obtained from the fits (BCESBis) made to the different magnitude intervals, however in order to analyse the effects that the different independent variables may have on the results of the fits, we present the results using as independent variables log(re) and < µ >e.
In Figure 2 and Table 4 we can see that different magnitude galaxies are progressively displaced from the lower part of the diagram (faint galaxies) towards the upper part (bright galaxies) and that the values of the coefficients and of the dispersion of the FP change systematically. These changes are larger than the associated errors for most of the cases (application of the run test confirms that there exists an underlying trend in the data for each one of the coefficients). It is also clear that the fit to the complete sample shows significant differences with the fits performed to galaxies of different luminosity. For example, the differences between coefficients a, b and c for the middle part of the galaxy distribution (-21.0 M >-22.0) and the a, b and c coefficients for the total sample (-18.5 M >-24.0) is approximately 20%. From what we have just said it can be concluded that different luminosity galaxies define consecutive planes with different values for the coefficients and the dispersion. This implies that the distribution of galaxies in the space defined by variables log(re), < µ >e, log(σ) changes systematically as brighter galaxies are considered (see Section 3.5 for full details).
What we have just described goes in the same direction as what Bender et al. (1992) reported which indicates that the distribution of different stellar systems (elliptical, spiral bulges, compact elliptical and dwarf ellipticals) in the parameter space log(re), < µ >e, log(σ) depends on luminosity. According to Bender et al. (1992) , this means that the different systems define planes on this space with possible small, parallel offsets between systems.
An alternative way for studying the behaviour of the FP as a function of the magnitude range, is to analyse the values and distribution of the residues, that is to say, to analyse the difference between the predicted values from the best fit to the FP data and the real values. However, given that the values of the coefficients of the FP for the entire sample are different from the values of the coefficients of the samples in different magnitude ranges, we shall analyse the behaviour of the residues taking the coefficients both for the entire sample (-18.5 M >-24.0) as well as for the middle part of the distribution (-21.0 M >-22.0 ). In Figures 3 and 4 we show the orthogonal residues of the FP (g* filter) with respect to the log(re), < µ >e, log(σ), M and XF P variables. Where XF P represents the distance along the major axis of the FP (see Bernardi et al. 2003c) .
As can be seen from Figure 3 , when the residues are obtained considering the coefficients of the FP for the complete sample, the distribution of the residues with respect to the different variables which we have used show no correlation except, perhaps, for the case of the log(σ) and XF P variable. However, when we consider the FP coefficients for the middle part of the galaxy distribution (-21.0 M >-22.0) (Figure 4) we find that the residue distribution with respect to the log(re), M and XF P variables shows a correlation. In particular for the magnitude case the correlation is very clear. Therefore, the residue distribution confirms the fact that different luminosity galaxies are found in consecutive planes characterised by different coefficients. But why do the values of the coefficients of the FP for different luminosity galaxies change? Section 3.5 will deal in greater detail with this.
Previous works dealing with the behaviour of the FP with respect to magnitude
In the literature there are several papers which study the dependence of the FP with magnitude, for example Jorgensen et al. (1996) and Bernardi et al. (2003c) ; utilising the residues of the FP they find that there is no dependence of the FP with magnitude. However, the type of analysis undertaken by them might be masking the dependence on the magnitude range which we are reporting in this paper. Given that in the Bernardi et al. (2003c) paper they use the exact same sample of ETGs from the SDSS as we do here, in what follows we shall analyse in more detail their results. Among the most important conclusions of Bernardi et al. (2003c) related to our work, we find that the orthogonal residues of the FP (when they take as reference the orthogonal fit coefficients) with respect to the log(re), < µ >e , log(σ), M and XF P variables do not show an appreciable correlation, except for the log(σ) and XF P cases. On the other hand, when they analyse the residues taking the direct fit FP coefficients and using as independent variable log(re), they mention that no correlations are found. They interpret the correlation found for the orthogonal fit as a projection effect which affects this type (orthogonal) of fits but not the direct fits (if log(re) is taken as dependent variable). However in figure 5 we show the results of the orthogonal residues (g* filter) taking the data from the direct fit (log(re) is the independent variable) from the table 3 of Bernardi et al. (2003c) and it can be clearly noticed that there is a correlation of the residues with respect to the log(re) and magnitude. Particularly for the magnitude case the correlation is perfectly clear and apparent. On the other hand, the data from table 4 show that the change in the coefficients of the FP occurs no matter which variable is utilised as independent variable in the fitting process. So we are able to ensure that the fitting method and the independent variable utilised for the fits are not responsible for the dependence of the FP on the magnitude range which we are reporting in this paper.
The distribution of the residues for the different variables presented in figure 3 has been obtained in a similar manner as that followed by Bernardi et al. (2003c) , that is to say, taking as reference the FP coefficients for the total sample and taking into consideration the different sources of bias. When we compare these distributions with those presented in Figs. 2 and 3 of Bernardi et al. (2003c) , we notice that the residues distribution is similar, that is, there are no appreciable correlations between the values of the residues and the different variables which we analyse (except for the log(σ) and XF P cases). However, as we mention in Section 3.3, when we take as reference a representative plane of the sample in one-magnitude wide intervals, for example the plane at the middle part of the distribution of galaxies (-21.0 M >-22.0) (see figure 4) , the residues clearly show a correlation with respect to the log(re), M and XF P variables, in particular, the residues show a clear correlation with respect to magnitude. From all of this we can say with certainty that in the Bernardi et al. (2003c) analysis the dependence of the FP with the range of magnitude has been masked due to the way in which these authors performed the analysis.
Comparison of the behaviour of the FP and the KR with respect to the magnitude range
Nigoche-Netro (2007) and Nigoche-Netro et al. (2007 , 2008 demonstrated, both with observational data as well as with numerical simulations that the coefficients and the intrinsic dispersion of the KR depend on the width and brightness of the magnitude range. This dependence is caused by a "geometrical effect" due to the fact that the distribution of the ETGs on the log(re) -< µ >e plane depends on luminosity (different brightness ETGs are distributed in parallel lines on the log(re) -< µ >e plane) and that the geometric shape of the distribution of the ETGs on this plane is not symmetrical. Given this fact, and since the KR is a projection of the FP, the dependence of the values of the FP coefficients on the width and brightness of the magnitude range might be caused by a geometrical effect due to the form of the distribution of the ETGs on the space defined by the variables log(re), < µ >e, log(σ) and not by intrinsic physical properties of the ETGs. In fact this is the case given that in Section 3.3 we have seen that the distribution of ETGs in the log(re), < µ >e, log(σ) space depends on luminosity, besides in Section 3.2 and 3.3 we have established that the values of the coefficients and of the dispersion of the FP change systematically as we consider brighter galaxies. This implies that the geometric shape of the galaxy distribution changes as brighter galaxies are included. This may easily be checked from figure 3 where one can see that as brighter galaxies are considered the shape of the galaxy distribution changes systematically.
From the aforementioned, we may infer that the FP coefficients and its intrinsic dispersion depend on the width and brightness of the magnitude range. This dependence is caused by a geometrical effect due to the fact that the distribution of the ETGs on the log(re), < µ >e, log(σ) space depends on luminosity, in other words, the geometric form of the distribution of ETGs on the log(re), < µ >e, log(σ) space changes systematically as we consider brighter ETGs, and so the values of the FP coefficients change too, because the fitting of a plane to a set of data does not give the same result for data distributed with a cubic form as for data distributed with a piramidal form or, for that matter, with another geometrical form. In this sense, any other systematic restrictions imposed on a sample of ETGs, such as brightness cuts, effective radius cuts or velocity dispersion cuts will cause changes in the geometric form of the distribution of ETGs. The more pronounced these changes are made, the more pronounced will be the changes in the values of the FP coefficients. This could be corroborated with the data in figure 1 , where we show that the coefficients of the FP for the homogeneous sample are larger than those for the complete sample. This behaviour is due to the cut in log(σ) Orthogonal residues for the FP vs. log(re), M, < µ >e, log(σ), and X F P . The FP coefficients we use correspond to the BCES Bis fit for all the galaxies in the SDSS sample (g* filter). Each symbol and colour represent a one-magnitude wide interval. . Orthogonal residues for the FP vs. log(re), M, < µ >e, log(σ), and X F P . The FP coefficients correspond to the direct fit (log(re) independent variable) for Table 3 from Bernardi et al. (2003c) (complete sample of the SDSS in filter g*). Each symbol and colour represent a one-magnitude wide interval.
and not to the fact that the FP for this galaxy subsample might be intrinsically different.
In view of what we present above, the traditional FP relation (equation 1) could be written as follows:
where a ′ , b ′ and c ′ depend on the width and brightness of the magnitude range.
It is very important to be careful with equations 1 and 3 because, in order to be consistent, the first one should cover the whole range of magnitudes and the second should correspond to a particular magnitude range. In other words, the traditional FP relation will only produce the real coefficients when complete samples, as far as magnitude is concerned, are considered.
Here it should be mentioned that in the literature there are extensive studies of the FP for different galaxy samples ) data we find that the maximum difference of the values of the a coefficient estimated by different authors is of the order 31%, for the b coefficient the maximum difference amounts to 16% and for the c coefficient there is no information given. In our paper, when we compare the values of the coefficients for galaxy samples in narrow magnitude intervals with the values obtained from galaxy samples in wide magnitude intervals, we find that the maximum difference in the a coefficient is approximately of the order 33%, for the b coefficient it is approximately 10% and for the c coefficient it is 20%. Given the similarity between the differences in the coefficients in our work and those obtained using the data from D' Onofrio et al. (2006) , we assert that an important reason for the differences found among the various authors may be caused by the different magnitude ranges within which the galaxies are contained, on top of the differences produced by the fitting method utilised and the independent variable used in this fitting method. On the other hand given that the differences found for the values of the coefficients a and b in our work are similar to those reported in the literature, we can safely say that the differences for the values of the c coefficient from the literature will also be similar to the differences in the c values reported here, approximately 20%.
An important application of the FP is that it may be used to perform large scale distance estimates, however, the differences between the distances calculated utilising the values of the FP coefficients from different authors reported in D' Onofrio et al. (2006) , may be significant. For example, if we assume that the FP is universal, that is to say, that the values of the coefficients a and b are consistent with a unique value, then the distances would be given as function of the differences in the zero point (see Blakeslee et al. 2002) , then, if there is a 10% error in the zero point this would produce a 50% error in the distance determination. This is the error which could be made if the data reported in D' Onofrio et al. (2006) were used and it could also be the error made if the dependence on the magnitude range were not considered. Here we must stress that these distance uncertainties have been obtained without considering in the calculation the errors in coefficients a and b, so the total error could be larger than 50% both if we use the FP data from the different authors reported by D'Onofrio et al. (2006) as well as if we do not take into consideration the dependence of the FP coefficients on the magnitude range.
Finally, due to the change of the traditional FP coefficients with respect to the width and brightness of the magnitude range, it is important to consider that when comparisons between different ETGs samples are performed, it must be clearly established what is the magnitude range within which the ETGs are distributed. If this is not done the differences which might be found may be misinterpreted.
CONCLUSIONS
In this paper we make a compilation of photometric and spectroscopic parameters for 3 samples of ETGs from the literature, which include a total of approximately 8800 galaxies and cover a relatively ample magnitude range (< ∆M > ∼ 5.5 mag). With this information we perform an analysis of the behaviour of the coefficients of the FP with respect to the width and brightness of the magnitude range. The results we obtain are as follows:
• We find that when a growing number of brighter galaxies is included in the calculations of the intrinsic dispersion and of the coefficients of FP (increasing magnitude intervals) or if we consider galaxy samples in progressively brighter fixed-width magnitude intervals (narrow magnitude intervals), their values change and these changes are larger than the associated errors for most of the cases.
• This fact made us think that there might be a dependence both of the values of the coefficients of the FP relation and of the intrinsic dispersion of this relation with the width and brightness of the magnitude range. The existence of this dependence is confirmed with the application of a non-parametric test to the data (run-test).
• Since the coefficients of the FP relation depend on the width and brightness of the magnitude range, we establish that this relation could be written as follows:
According to this, the traditional FP relation (equation 1) will produce the real coefficients only when we consider complete samples, as far as magnitude is concerned.
• We find that the behaviour of the FP relation described above is similar to the bahaviour of the KR reported in Nigoche-Netro (2007) and Nigoche-Netro et al. (2007 , 2008 , that is, the dependence of the FP on the width and brightness of the magnitude range is caused by a geometrical effect due to the fact that the distribution of the galaxies in the log(re), < µ >e, log(σ) space depends on luminosity.
• We find that any systematic restrictions imposed on a sample of ETGs, such as brightness cuts, effective radius cuts or velocity dispersion cuts will cause changes in the geometric form of the distribution of ETGs on the log(re), < µ >e, log(σ) space. The more pronounced these changes are made, the more pronounced will be the changes in the values of the FP coefficients.
• Finally, due to the change of the FP coefficients with respect to the width and brightness of the magnitude range, it is important to remember that when comparisons between galaxy samples are performed, these must be done only for equivalent magnitude intervals, otherwise the results may be misinterpreted. BOOTSTRAP METHODOLOGY A1 Run test robustness analysis for a set of general data
We have run a number of experiments with the run test. This is the test which we use to establish the presence of an underlying trend in the behaviour of the coefficients of the FP. The experiments consist in:
• Generating a list of 200 random numbers between 0 and 1. A test of their distribution with the run test reveals that there is absolutely no underlying trend.
• Following the Bootstrap method, we obtain 1000 resamples from the original sample and test their distribution with the run test. The character of their distributions changes from not having an underlying trend to having one in less than 20 cases in 1000 at a confidence level of 99%.
• Artificially introducing a monotonic trend.
• Testing the new distributions with the run test reveals, in all the cases, the presence of an underlying trend at a confidence level of 99%.
• Now we introduce randomly an error which may be positive or negative and we test the distributions again. The errors introduced were ±0.1, ±0.2, ±0.3, ±0.4 and ±0.5 or errors of the order 10%, 20%, 30%, 40% and 50%.
• For all the cases except for that with 50% error, the run test continued to indicate the presence of an underlying trend at a confidence level of 99%.
• Again following the Bootstrap method, we obtain 1000 resamples from the original sample with random errors.
• The run test reveals that in these thousand resamples with errors, the character of the distributions changes from having an underlying trend to not having one in less than 20 cases out of 1000 at a confidence level of 99%.
• The run test reveals that if the number of data for the original sample decreases and the error in the data increases then the number of resamples that change their distribution from having an underlying trend to not having one grows and the level of confidence at which we may reject the null hypothesis becomes smaller.
We conclude from this analysis that the run test predicts reliably the presence of an underlying trend in a set of data, even if these data have errors. Only when the errors are very large (>50%), and the amount of data is small the run test is unable, in some cases, to detect the underlying trend present in the data. Table A1 . Run test for the evaluation of the FP coefficients (increasing magnitude intervals) from the different samples of galaxies. One thousand samples were extracted from the original data following the bootstrap methodology. In addition the data were combined in a random way with Gaussian errors for which the maximum errors corresponded to the values cited in Table 2 . The null hypothesis establishes that there is no underlying trend in the data. The percentages refer to the fraction of extracted samples for which an underlying trend is detected at a confidence level of 90%. 
A2 Run test robustness analysis for the FP data
We ran a series of experiments on the values of the coefficients of the FP using the bootstrap methodology. One thousand samples were extracted from the original data (see Table 2 ). We also added to the data Gaussian errors. The maximum allowed error for each datum corresponds to the error for the real data. In Table A1 we show the results of the run test where the percentage given refers to the fraction of extracted samples in which an underlying trend has been detected at a level of confidence of 90%.
As can be seen in Table A1 , when the maximum allowed error in the data of the extracted samples is of the same size as those errors affecting the real samples, we find that on the average 91% of the extracted samples show an underlying trend at a confidence level of 90%. We may again affirm that the run test is efficient in finding underlying trends even when the errors in the data have a significant value. This paper has been typeset from a T E X/ L A T E X file prepared by the author.
